Introduction
============

On the occasion of a hygienic-microbial control of dental units being in service since 16 years in an old building of a center for dental and oral medicine (which meanwhile moved into a new building), a highly increased microbial contamination of the cooling water became obvious. In order to comply with the requirements of the drinking water directive (TrinkwV), a practicable and efficient method of restoration had to be established. It is known from literature that simple flushing of the water line is not sufficient to comply with the limits required by the drinking water directive \[[@R1]\], \[[@R2]\]. As a commercially available procedure, classified as environmentally friendly and cost efficient, the ActiDes procedure was therefore chosen and evaluated on this occasion. Its action principle is based on the hypochloric acid production through the potential-controlled anodic oxidation of NaCL, sodium hypochlorite and further radicals that are permanently fed into the pipe network of the installation \[[@R3]\]. The active product ActiDes-Blue is then released into the water line system of dental units. This is important because, even following a successful restoration of the dental unit, new biofilms possibly build up as microorganisms from unrestored pipe sections as well as -- in minor quantities -- from the public network and from the backlash of the vacuum recovery valve technique can be introduced into the water system of the dental unit. Additionally, an introduction during maintenance and repair works is possible. For the purpose of evaluation of the ActiDes procedure, the decontamination performance in real operating mode was examined over a representative time period.

Methods
=======

The analysis was carried out of 6 dental units that were only used for teaching of students. In these units, about 6 patients were treated over the day on four days of the week, Wednesdays excluded. The control phase was 4 weeks (starting 11/11/2005). During the application phase a dilution of the reactive solution ActiDes-Blue of 1:200 (so-called anolyte) was adjusted in the system for 27 weeks. A first high chlorination was carried out on 02/14/2006 and a second on 05/31/2006 (with a dilution of anolyte of 1:100). During the semester holidays (February), the lines were flushed once a week for 20 minutes using anolyte diluted by 1:100.

The water was drawn from the hose couplings of the two micro motors upon removal of the elbows, from the multifunctional syringe on the dentist side and the assistant side as well as from the mouth glass filling. Mixed samples of 250 and 1,000 ml were produced from each of the 3 samples. Sampling was carried out according to the recommendation of Pitten et al. \[[@R4]\]. The initial contamination was determined on 11/11/2005 (Friday) and afterwards in intervals of 3, 4, 6 and 7 d. After a free interval of 17 d, the contamination was determined again on the following day (Monday) as well as on Tuesday and Thursday of the same week. 7 d later, the ActiDes-Blue procedure was installed (start of the action phase). Further sampling was done after 7, 11, 12, 14, 21, 24, 27, 28, 31, 32, 34, 38, 39, 42 and 45 d. During the following semester holidays, sampling was done every Wednesday over the first 3 weeks, on Thursdays and Tuesdays during the 2 subsequent weeks. 2 samples each were taken in March and April (03/10 and 15, 04/07 and 20), 1 sample in May (05/19) and one sample every Thursday until the last sampling on 07/06.

The evaluation concerned the total colony count (in 250 ml), *P. aeruginosa* (in 1,000 ml), *L. pneumophila* (in 1,000 ml) and molds (in 250 ml) according to the method described in \[[@R5]\]. Furthermore, the redox potential and the pH value were measured.

Results
=======

Total colony count
------------------

The total colony count ranged within the normal scope for drinking water in only 13 out the 186 water samples (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). After stagnation phases such as weekends, holidays or semester holidays, the values increased significantly (individual values/unit and detailed development in \[[@R6]\].

In order to compare the measured values, the Friedmann test for variance by ranks for dependent sample checks was deployed. During this test checks were carried out whether the central tendency of multiple subsequent measures differs significantly \[[@R7]\]. The test has the advantage that the measured values need not be distributed normally and require ordinal scale level only. In Table 1 [(Tab. 1)](#T1){ref-type="fig"} the individual test times have been summarized.

As the differences between the dental units were not significant, test were carried out only as to whether the measured values of the units were differing throughout the test times. Therefore, the measured values were categorized (Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

Every unit was assigned a ranking for all the test times. If the measured values did not differ, the assignment of each ranking at every measure time was equally likely for every unit, i.e. the ranking of the units would be distributed randomly over the test times \[[@R7]\]. The zero hypothesis of the Friedmann test indicates that the central tendencies do not differ from each other. The alternative hypothesis, however, indicates that at least two central tendencies differ from each other. The descriptive statistics are presented in Table 3 [(Tab. 3)](#T3){ref-type="fig"}, the medium rankings in Table 4 [(Tab. 4)](#T4){ref-type="fig"} and the statistics for the Friedmann test is given in Table 5 [(Tab. 5)](#T5){ref-type="fig"}. Medium values and standard deviations were determined for the individual measure periods. N indicates the number of the chairs. Minimum and maximum designate the minimum and maximum measure values that were considered. The result of the Friedmann test is shown in Table 5 [(Tab. 5)](#T5){ref-type="fig"}, line "Exact significance". No significant differences in the total colony count could be found for the different test times, i.e. the rankings were distributed randomly over the test times. The zero hypothesis is therefore to be maintained.

The mold charge differed a lot during the tests (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). The threshold value of ≤100 cfu/ml \[[@R8]\] recommended by literature was exceeded for 64 out of the 156 measures. The highest individual values were documented prior to the application of ActiDes-Blue. Afterwards as well, values of \>500 cfu/ml were reached at several treatment units. As to the mold charge, a wave-like sequence could be observed in analogy to the total colony count of bacteria \[[@R9]\]. The day of commissioning of the ActiDes-Blue procedure a medium value of 4.1 cfu/ml was measured. This increased to 94.2 cfu/ml within one week. After the water stagnation due to the Christmas holidays, the medium value had further increased to 560 cfu/ml, then decreased to \<100 cfu/ml and only increased again to 206.3 cfu/ml following the first high chlorination. Following intercurrent variations, the medium values were only found to be below 100 cfu/ml after the second high chlorination.

The evaluation of the mold measures was carried out in analogy to the evaluation of the total colony count with the exception that 3 categories (0--100, \>100--500 and \>500--1000) were created instead of 10. For the mold contamination, too, no statistical differences could be found between the test times (Table 6 [(Tab. 6)](#T6){ref-type="fig"}, Table 7 [(Tab. 7)](#T7){ref-type="fig"}, Table 8 [(Tab. 8)](#T8){ref-type="fig"}).

Legionella pneumophila
----------------------

During the control phase, 50 and 110 cfu/1,000 ml resp. of *L. pneumophila* were proven at 2 of the 6 units only. After the application of ActiDes-blue one unit became negative, for the other 5 cfu/1,000 ml were proven after 1 and 3 weeks each. Afterwards, this unit was without positive results.

Pseudomonas aeruginosa
----------------------

For three units, *P. aeruginosa* were proven neither during the control phase nor during the action phase. During the control phase, 5 CFU/100 ml were proven in one unit only. After the application of ActiDes-Blue, *Pseudomonas* spp. were yielded at different points of time, 11 times in total for this unit as well as for 2 further units (1 CFU/100 ml each, only once 2 CFU/100 ml).

Redox potentials and pH values
------------------------------

The medium value of the redox potential was 469.8 mVH during the control phase and 453.5 mVH during the application phase. The medium value of the pH value was 7.32 during the control phase and 7.24 during the application phase

Discussion
==========

Despite the fact that a correlation with water stagnation became obvious for the colony count of the bacteria as well as of the molds the statistical assessment showed no significant differences between the individual measure times. That means that the values have not changed statistically in comparison to the values of the application phase with two high chlorinations. The decrease of redox potential and pH value indicate that biofilm parts were mobilized by ActiDes-Blue so that more active substances were used. The *L. pneumophila* detected in two units were eliminated after the application of the procedure or after the 3^rd^ week of application. This could not be achieved completely for *P. aeruginosa*.

As the sanitation was not successful, the decontamination agent CARELA^®^ HYDRO-DES (CARELA Wassertechnologie GmbH Petershagen, Germany) was applied on 04/26/2007 in a unit that had been put out of service for a month already due to the planned move into a new building. This is a two component agent based on H~2~O~2~ with the addition of a mixture of sodium hydrogen sulphate and sulphuric acid in an aqueous solution that is effective in concentrations of 0.1% and more \[10\]. As a precondition to the decontamination, the system was first filled with a 5% solution of the alkaline pre-cleaning agent CARELA^®^ Solvent for bacterial slime that is used to break up slimes (contains sodium hydroxide in an aqueous solution); the system was left with this solution for 1 h. The pre-cleaning agent was then completely displaced from the system with tap water and a decontaminating solution of 5% CARELA^®^ HYDRO-DES with a pH value of 2.0 was introduced and also left in the system for 1 h. Through activation of the dental unit, tap water was afterwards used for flushing until the indicator showed no more rests of active substances. The unit was then left with the remaining water in the system while not being used.

The initial contamination of the total count of bacterial colonies was 1,432 cfu/ml at 22°C and 846 cfu/ml at 36°C as well as \>1,000 cfu/100 ml for molds. 1 h after the decontamination no bacteria and molds could be detected in 1,000 ml of tap water. Despite the fact that the unit was not used any more subsequently, after 7 d the bacterial colony count was 3 cfu/ml at 22°C and 2 cfu/ml at 36°C while molds could not be detected. Even after a rest time of 14 d only 167 cfu/ml or 42 cfu/ml could be yielded. Molds were further not cultivable. A material damage could not be observed.

Conclusion
==========

Under the tested conditions, the ActiDes-Blue procedure showed not to be sufficiently effective. Compared to the practice, the application conditions were significantly less favorable though because the dental units reached only 1/5--1/6 of the utilization of a comparable practice. Biofilm formation was further favored by the semester holidays and non-utilization. In opposite, the biofilm was completely eliminated by the combined application of CARELA® Solvent for bacterial slime and subsequent decontamination with CARELA^®^ HYDRO-DES.
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=====
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